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 Nearly 13% of children in the United States have a confirmed case of physical abuse, 
sexual abuse, or neglect committed by a caregiver, and thousands of additional cases go 
unreported. Maltreated children have heightened risks for poor health outcomes later in life, 
including obesity. The significant between-person variability in BMI trajectories from 
adolescence to young adulthood indicates the presence of moderators that may explain 
susceptibility and resilience to the effects of child maltreatment on later BMI trajectories, and 
mediators may explain why the relationship exists. The objectives of this dissertation were to 
succinctly characterize BMI trajectories using a novel analytic method (Chapter 2) and to 
understand how social support and stress responses influence the relationship between child 
maltreatment experiences and BMI trajectories from adolescence to adulthoo  (Chapter 3 and 4). 
I addressed these objectives with structural equation modeling using the National Longitudinal 
Study of Adolescent to Adult Health. The analytic sample included 17,669 respondents, of which 
32% experienced child maltreatment before age 13. I first developed and validated a 
parsimonious measure of BMI trajectories that captures an individual’s average deviance above a 
healthy BMI over a specified period—average excess BMI. Next, I found maltreatment that 
began in childhood was not significantly associated with average excess BMI from adolescence 
to adulthood; adolescent-onset child maltreatment, however, was positively associated with 
average excess BMI (B = 0.28, s.e. = 0.11, p = 0.01). Lastly, I found no evidence of social 
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supports (i.e., peer friendships and adult mentors) moderating, or stress responses (i.e., 
depressive symptoms and impulsivity) mediating, the relationship between childhood-onset child 
maltreatment experiences and BMI trajectories (ps > 0.05). Friendships were protective, 
however, against higher average excess BMI for all individuals (B = -0.082, s.e. = 0 02, p < 
0.001). In addition to providing a new longitudinal BMI measure for use in clinical and research 
settings, this dissertation suggests that leveraging friendships may be an eff ctive obesity 
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CHAPTER 1: INTRODUCTION 
 The stressors of child sexual abuse, physical abuse, and neglect are risk factors for 
various poor health outcomes across the life course, including obesity and related weight 
disorders.1,2 Compared to non-maltreated peers, individuals who experienced maltreatment in 
childhood and early adolescence exhibit elevated body mass index (BMI) cross-sectionally in 
adolescence and greater growth in BMI longitudinally from adolescence to adulhood.3,4 
Trajectories characterized by elevated and steadily increasing BMI are indicative of greater risk 
for obesity-related disorders in midlife, including diabetes and heart disease.5 Individuals who 
experience child maltreatment are already at risk for developing such chronic ealth conditions, 
perhaps due to medical neglect, poor health behavior models, or the development of maladaptive 
stress responses.6-8 In addition to potentially lying on the causal path from maltreatment to 
chronic health conditions, unhealthy BMI trajectories among individuals who have experienced 
child maltreatment may compound their existing risk for poor health outcomes. Using data from 
the restricted-use sample of the National Longitudinal Study of Adolescent to Adult Health (Add 
Health), the overall objective of the present study was to meaningfully characterize BMI 
trajectories in order to understand how social support factors and stress responses influence the 
relationship between child maltreatment experiences and BMI trajectories from adolescence to 
young adulthood. 
 It is critical to evaluate BMI trajectories across adolescence and young adulthood, as this 
is a sensitive period for the development of obesity and related comorbidities in both the general 
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population and among those with child maltreatment histories.9,10 There is also significant 
between-person variability in BMI trajectories from adolescence to young adulthood,3 suggesting 
some children who experience maltreatment display healthy BMI trajectories hat follow sex-
specific BMI-for-age growth charts recommended by the Centers for Disease Control and 
Prevention (CDC).11 This heterogeneity in BMI outcomes indicates the presence of moderators 
that may help explain susceptibility and resilience to effects of child maltreatment on later BMI 
trajectories. However, we have yet to succinctly and articulately characterize complex BMI 
trajectories in the general population—let alone among those who have experienced child 
maltreatment—which limits explaining why the relationship between child maltreatment and 
BMI trajectories exists and what allows individuals to attain healthy BMI trajectories despite 
facing such adversity. Therefore, the proposed research: 1) created a composite easure for BMI 
trajectories that captures an individual’s deviance from a healthy BMI; and 2) used this measure 
to evaluate whether social support factors moderate, and whether stress responses mediate, the 
relationship between maltreatment experiences and BMI trajectories. 
Child Maltreatment 
 Child maltreatment is a significant public health problem both globally and within the 
United States. The physical abuse, sexual abuse, and neglect of a child can result i  immediate12-
14 and long-term15-17 negative health consequences. These health consequences include physical 
trauma, developmental and socio-emotional delays, psychopathology, poor health behaviors such 
as substance abuse and binge eating, and associated chronic diseases.16,18,19  Addressing child 
maltreatment as a determinant of health requires efforts that prevent child maltreatment. Given 
that many individuals have already experienced child maltreatment, we also need strat gies that 
allay negative consequences—including poor weight-related outcomes—associated with trauma. 
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 Defining child maltreatment. Within the United States, formal definitions of child 
maltreatment reportable to Child Protective Services (CPS) vary from state to state. While 
differences exist in states’ requirements for reporting, child maltreatment definitions share 
common elements delineated by the World Health Organization (WHO). The WHO’s Report of 
the Consultation on Child Abuse Prevention (referred to here as “the Report”) defines ch ld 
maltreatment as: “[a]ll forms of physical and/or emotional ill-treatment, sexual abuse, neglect or 
negligent treatment or commercial or other exploitation, resulting in actual or potential harm to 
the child’s health, survival, development or dignity in the context of a relationship of 
responsibility, trust or power.”20 The Report details additional definitions for distinct types of 
maltreatment, chief of which are physical abuse, sexual abuse, and neglect. 
 The Report defines child physical abuse as interactions between a caregiver and child that 
cause actual or potential physical harm to the child. 20 Child sexual abuse is the involvement of a 
child in sexual activity that he or she does not fully comprehend, is unable to give informed 
consent to, or for which the child is not developmentally prepared and cannot give consent. 20 
Lastly, the Report defines child neglect as the failure of a caregiver to provide f r the 
development of a child—with regard to health, education, emotional development, nutrition, 
shelter, and safe living conditions—when such negligence has a high probability of causing harm 
to the child’s physical or mental health.20 Similar to the definition for overall child maltreatment, 
definitions for child maltreatment types vary across states and studies. However, th  descriptions 
listed above capture the essential elements of three primary child maltreatment types. 
 Prevalence of child maltreatment. According to the Children’s Bureau of the Department 
of Health and Human Services, CPS substantiates approximately 700,000 cases of child 
maltreatment in the United States annually—an annual incidence proportion around 0.02.21 In 
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2015, there were 112,636 new cases of substantiated child physical abuse, 56,515 new cases of 
substantiated sexual abuse, and 520,443 new cases of substantiated neglect.21 Of all substantiated 
cases, 95,379 included more than one type of maltreatment.21 
 CPS substantiated reports underestimate the incidence of child maltreatment in the 
United States. To become a substantiated report, an individual—typically a teacher, so ial 
worker, neighbor, or relative—must first report the alleged child maltreatment to CPS. CPS then 
investigates whether the allegation is substantiated (the allegation of maltreatment or risk of 
maltreatment was supported or founded by state law or policy) or unsubstantiated (insufficie t 
evidence under state law to conclude or suspect that the child was maltreated or at-risk of being 
maltreated). Because many cases of maltreatment go unreported to CPS,22 legislation on 
reporting and “sufficient evidence” varies between states,21 and CPS may not find sufficient 
evidence to substantiate an actual maltreatment case,21,23 child maltreatment estimates provided 
by CPS agencies are likely underestimates.  
 Several studies have attempted to ascertain the prevalence of child maltreat ent based on 
both informant-report and self-report data. Using CPS data, Wildeman and colleagues found that 
over 13% of US children experience physical abuse, sexual abuse, or neglect commit ed by a 
caregiver by age 18 years.24 Using a combination of informant- and self-report data, a 2015 
meta-analysis conducted by Stoltenborgh and colleagues found the overall estimated prevalence 
rates to be much higher—12.7% for sexual abuse, 22.6% for physical abuse, 16.3% for physical 
neglect, and 18.4% for emotional neglect.25  
 Gap 1: Proper operationalization of child maltreatment. Many studies operationalize 
child maltreatment categorically and mutually exclusive—often denoted as physical abuse, 
sexual abuse, and neglect.3,4,26,27 When maltreatment co-occurs, mutual exclusion requires 
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researchers to determine the most salient type. Some studies suggest that over 70% of individuals 
who suffer child maltreatment experience more than one type.28,29 The operationalization of child 
maltreatment in research should allow for this maltreatment co-occurrence rather than require a 
priori assumptions regarding the most severe or harmful type of maltreatment. Few analyses 
incorporate co-occurrence into the operationalization of child maltreatment. Given the number of 
studies that employ such person-centered analyses is small, there is no consensus on the nature 
and prevalence of different maltreatment co-occurrence profiles.30 The present analyses 
employed person-centered methods that allowed for maltreatment co-occurren e and contribute 
to the knowledge of the nature and prevalence of child maltreatment profiles.31 
 Risk factors for child maltreatment. A myriad of circumstances can place a child at risk 
for experiencing maltreatment. Child maltreatment is the result of complex interactions between 
social influences, parental characteristics, and community context. Risk factors for child 
maltreatment are often contextual characteristics of the family and community, and these risk 
factors span all types of maltreatment.32 Examples of parent level characteristics include 
unintended pregnancy, being unmarried, young age, depression, substance use, low knowledge 
of child development, authoritarian parenting style, history of domestic violence, and low 
income.33-35 Risk factors for child maltreatment in the community context include a lack of social
cohesion, neighborhood poverty, and high unemployment rates.32,36 While parental 
characteristics and community context may be more salient predictors of child maltreatment, 
individual characteristics that make a child more difficult to care for increase the probability of 
maltreatment. These child characteristics include chronic illnesses, developmental disabilities, 
negative affect, poor emotion regulation, and physical aggression.35,36 
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 Effects of child maltreatment. Child maltreatment of all types has both immediate and 
long-term adverse effects on health. During childhood, maltreated youth exhibit higher rates of 
behavioral and physical health deficits compared to their non-maltreated peers. Children who 
experience maltreatment are at risk of developing a host of behavioral problems during 
childhood, such as conduct disorders, post-traumatic stress disorder, aggressive behaviors, poor 
academic performance, and decreased cognitive functioning.36-39 These individuals are also at 
risk of suffering several physical health problems, including growth failure, lead poisoning, 
untreated vision and dental problems, asthma, infectious diseases, various chronic medical 
conditions, and the focus of the present study—obesity.36,40-42 
 The repercussions of child maltreatment on health are not restricted to childhood, but 
rather permeate across the life course. Childhood maltreatment can produce poor adult health 
directly via physiological and neurobiological injury, and indirectly via the adoption of high-risk 
behaviors and disengaging stress responses.36,37 Likewise, experiencing child maltreatment 
increases an individual’s risk of developing a range of chronic health conditions in adulthood, 
including obesity and weight-related conditions such as cardiovascular disease, liver disease, and 
depression.43-46  
 The costs of maltreatment are substantial at both the individual and societal lev l. The 
estimated average lifetime cost per victim of child maltreatment is over $200,000, including over 
$30,000 in childhood health care costs, $10,000 in adult medical costs, $140,000 in productivity 
losses, $7,000 in child welfare costs, $6,000 in criminal justice costs, and $8,000 in special 
education costs.47 This totals a national economic burden of $124 billion annually.47 
 Addressing child maltreatment. Given the substantial individual and societal costs, 
strategies exist at every level of prevention for addressing child maltreatment. Primary 
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prevention entails reducing or removing community and family-level risk factors for child 
maltreatment. Primary prevention includes policy or community-level interventions, such as 
providing safe housing, access to affordable higher education, and living wages to all members 
of a community.48 For example, a recent policy analysis demonstrated that paid family leave 
significantly reduced pediatric abuse head trauma in the state of Californi .49  
 Secondary prevention avoids the recurrence of child maltreatment among families who 
are identified as being at risk of engaging in this behavior. Secondary prevention fforts may 
include social workers or other trained personnel conducting home visits with families at risk of 
engaging in child maltreatment and providing these families with education and relevant 
resources.34,50 For example, the Nurse-Family Partnership is an intervention that effectively 
reduces the number of child maltreatment cases by targeting families with many risk factors.51 
Research has also shown that parenting programs that teach parents how to effectively parent 
children reduce maltreatment occurence.52,53 
 Tertiary prevention involves alleviating the burdens of child maltreatment after the 
maltreatment occurs. The goal of tertiary prevention is to reduce the risk of potential sequelae, 
including poor behavioral and physical health outcomes and the recurrence of maltreatent. 
Tertiary prevention is traditionally delivered in the form of individual or group counseling and 
therapy.54 Public health interventions can address and prevent the sequelae associated with child 
maltreatment, but few tertiary prevention interventions have embraced a public health 
perspective. This is likely due to tertiary prevention traditionally being reserv d for substantiated 
cases of child maltreatment.  
 Because most child maltreatment cases are unreported, tertiary prevention public health 
efforts that do not require indicated care are necessary.25 As an example of this need, the 
8 
 
motivation for Dr. Felitti’s Adverse Childhood Experience (ACE) landmark study was born from 
his realization that many adult patients at an obesity clinic reported experiencing 
(unsubstantiated) child maltreatment, and subsequently gained and could not lose weight.55 
Public health efforts can intervene in populations who have likely experienced child 
maltreatment—without the requirement of a substantiated maltreatment report or en ollment in 
an obesity clinic—to prevent and treat adverse weight-related outcomes. 
 Gap 2: Public health perspective on child maltreatment. The issue of child maltreatment 
has been traditionally addressed through important advancements in social work and peditrics. 
Children who are maltreated may be identified through social services and receive proper and 
timely attention, but this indicated care is not always feasible—especially in cases where 
maltreatment goes unreported. A public health perspective can address this gap, specifically in 
the tertiary prevention of child maltreatment sequelae. Public health interventions are amenable 
to addressing and preventing the negative consequences associated with child maltreatmen . 
Identifying elements that occur after initial maltreatment—but are am n ble to change—is 
necessary to develop effective programs aimed at improving weight outcomes and overall health 
across the life course for this vulnerable population. By using a nationally representative school-
based sample and self-reported data on child maltreatment, the present study aimed to provide 
the evidence that informs public health intervention targets for promoting healthy BMI 
trajectories among all individuals who have experienced child maltreatment—not only those 
with substantiated cases. This study explored the specific potential intervention targets of social 
support from peers and adults, depression, and impulsivity.  
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Body Mass Index Trajectories 
  Body mass index (BMI) is a useful metric in public health for studying the relationships 
between body weight and health outcomes, and it is calculated from an individual’s height and 
weight (kilograms per square meter). BMI can be used to determine an individual’s overweight 
or obesity status at a single point in time (e.g. a BMI of 30 or higher for an adult is obese), and it 
can also be used to evaluate how a person’s body changes overtime. The latter application, BMI 
trajectories, is especially useful for understanding developmental periods when body change is 
expected, such as the time between adolescence to early adulthood—the focal stage of the 
present research. 
 Overweight and obesity. Overweight and obesity carry substantial burdens on public 
health. These states have been shown to lower average life expectancy and quality of life, and 
increase risk for many diseases, including cardiovascular disease, type 2 diab tes, nd several 
types of cancer.56-62 Moreover, the prevalence of overweight and obesity is widespread; as of 
2014, 38% of all adults and 17% of all youth in the United States were obese.63,64 Studies also 
suggest the prevalence of overweight and obesity are significantly higher among individuals who 
have experienced child maltreatment.1,2 In addition to contributing to morbidity and mortality, 
obesity causes significant economic burden. Obesity is a main driver of rising medical 
expenditures,65 costing the US $147 billion per year (9% of annual medical expenditures).66  
 Considering BMI or weight status at a single time point does not illustrate the proc ss by 
which an individual arrives at an overweight or obese status. Cross-sectional body mass metrics 
do not adequately inform when a weight management intervention is most appropriate; BMI 
trajectories afford this insight. Moreover, BMI trajectories predict health outcomes above and 
beyond weight status or BMI at a single time point.5,67-69 
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 Identifying and defining body mass index trajectories. An individual’s BMI trajectory is 
the BMI path that she or he follows over a set period of time. Over the life course, a healthy BMI 
trajectory follows a trend whereby BMI increases over adolescence (growin  within the range of 
the 5th and 85th percentile of sex-specific BMI-for-age) and levels in early adulthood (stabilizing 
between a BMI of 18.5 and 24.9 kg/m2).70 Models often consider BMI growth to be quadratic, 
defined by three parameters: starting BMI (intercept), growth (linear slope), and leveling off 
(quadratic slope).  
 Latent growth modeling (LGM) has substantially contributed to our understanding of 
BMI trajectories. LGMs yield estimates of between-person variability in within-person patterns 
of change over time.71 Within-person change is defined by the population average intercept, 
linear slope, and quadratic slope, and between-person variability represents the degree to which 
these parameters vary across individuals within the population. Thus, LGM assumes that each 
individual has his or her own intercept, linear slope, and quadratic slope that defines his or her 
trajectory, and these individual-specific values come from a single population distribution.72,73  
 Effects of unhealthy body mass index trajectories. BMI growth modeling studies have 
found that the parameters that define BMI trajectories predict health outcomes above and beyond 
weight status at a single time point.5,69 For example, Boyer and colleagues found that higher 
intercept, linear slope, and quadratic slope of childhood BMI trajectories were each positively 
associated with cardiovascular disease risk at age 15, above BMI at a single time point.69 Growth 
modeling analyses have also characterized growth patterns to understand which indiv duals 
experience steeper growth and when. For example, Shin and Miller found that children who 
experienced neglect had a faster average rate of BMI growth over adolescent development 
compared to children who experienced no childhood maltreatment.3 Studies have also 
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demonstrated that elevated and rapidly increasing BMI trajectories are indicative of greater risk 
for obesity-related disorders in midlife, including cardiovascular disease, diabetes and premature 
mortality.69,74-76 In light of this evidence, BMI trajectories that stay within the healthy BMI range 
are ideal. More work is needed in this area to meaningfully and succinctly capture the important 
elements of BMI trajectories, and the proposed research will address this gap. 
 Gap 3: Adequately capturing complex BMI trajectories. Research has increasingly 
focused on understanding BMI trajectories rather than focusing on single-point weight 
outcomes.69,74-76  However, we have yet to meaningfully and succinctly characterize the BMI 
trajectory. Growth modeling allows us to identify periods where BMI is significantly different 
between groups and understand the general pattern of growth. Yet, it is difficult to connect 
trajectories to later health outcomes. What is the independent variable that summarizes a BMI 
growth trajectory? The linear slope? The intercept? There is not just one. Yet, a potentially 
important—but often overlooked—aspect of the BMI trajectory might be an individual’s excess 
BMI above a healthy limit over a specified period of time. This characteristic of BMI trajectories 
is lost when we consider the intercept, linear slope, and quadratic slope independently. 
Identifying an individual’s cumulative deviance from a healthy BMI overtime s a way of 
conceptualizing and categorizing BMI trajectories that joins the three traj ctory parameters into a 
unitary measure. Such a measure would be parsimonious, and it would coalesce with our 
knowledge of healthy BMI ranges.11,77 The proposed research developed and evaluated the utility 
of this novel “average excess BMI” variable.  
 Risk factors associated with unhealthy body mass index trajectories. Risk factors 
associated with an elevated BMI trajectory are some of the same risk factors ssociated with 
obesity. At a basic level, obesity results from an imbalance between energy intake and energy 
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expenditure, yet the etiology of obesity is far more complex; An individual’s diet and activity 
levels are embedded in psychological, social, and environmental contexts.78 Accordingly, 
researchers often study weight outcomes from an ecological framework.79-82 This perspective 
recognizes several levels of behavioral influence, including intrapersonal, interpersonal, 
community, and public policy factors.83  
 Davison and Birch80 developed an ecological model of childhood obesity based on 
research that assessed predictors of obesity, and numerous studies have employed their 
model.79,84-88 While their model focuses on children, predictors translate to the formation of diet
and physical activity habits carried into adulthood that influence BMI trajecori s. According to 
this model, individual risk factors are individual behaviors that place a person at risk for being 
obese, such as dietary intake and physical activity. The model recognizes that individual risk 
factors are not developed in isolation; rather they are shaped by family characteristics—parenting 
style, family relationships, parents’ diet and activity, and sibling relations. Furthermore, 
individual risk factors and family characteristics are impacted by community factors, such as the 
accessibility of recreational facilities.80 However, this model of childhood obesity is intended for 
the general population. Given the unique circumstances of individuals who experience child 
maltreatment—and evidence that individuals with child maltreatment histories hav  twice the 
odds of being overweight or obese in childhood2 and 1.6 times the odds of severe obesity in 
adulthood1—we need to identify specific mechanisms contributing to weight outcomes at 
different levels of the ecological model for this population.  
 Treatment of unhealthy body mass index trajectories. Like risk factors associated with 
unhealthy BMI trajectories, treatment strategies also exist at multiple socioecological levels. 
Within each socioecological level, strategies exist at the primary, secondary, and tertiary level of 
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prevention. Individual level treatment strategies may include nutrition and physical activity 
classes or counseling.89 Family level strategies may include efforts to improve the home food 
environment or providing parenting classes to improve home relations. 90,91 Finally, community 
level strategies may work to improve access to parks or fresh produce, or reduce neighborhood 
violence and poverty.92 While the majority of weight-related interventions focus on diet, physical 
activity, and sleep in the general population, these strategies have experienced l mited success.93 
Future work should consider other obesity treatment and prevention efforts, such as social 
support and emotional well-being, in addition to identifying intervention targets that are specific 
to individuals who have experienced child maltreatment. 
 Gap 4: Understanding mechanisms. Despite understanding the shape and consequences 
of BMI trajectories within individuals who have experienced child maltreatment, w know little 
about why this population exhibits unhealthy BMI trajectories throughout adolescence. 
Moreover, not all individuals who experience child maltreatment follow an unhealthy BMI 
trajectory. No research has investigated what enables individuals to achieve a h althy trajectory 
despite this early-life adversity. While an adolescent’s experience of prior child maltreatment is 
unchangeable, their disengaging stress responses and social support buffers can b  intervened 
upon.94 The present study evaluated mechanisms by which social support and stress respon es 
influence weight outcomes among individuals who have experienced child maltreatment. 
Significance of the Proposed Research 
 Child maltreatment is a public health issue. Child maltreatment is a public hea th concern 
given the high prevalence of child sexual abuse, physical abuse, and neglect,24,25 and the severe, 
long-lasting, negative health outcomes associated with such maltreatment.36-42 While 
individually tailored therapies provided by physicians, nurses, psychologists, and social workers 
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are critical to reducing the burdens associated with maltreatment among children who have been 
identified by CPS, unfortunately, many cases of child maltreatment are not identifie  by formal 
services.25 Studies of community-based samples have found that over 20% of adults experienced 
childhood psychological abuse, physical abuse, or sexual abuse—estimates that are much higher 
than CPS substantiated reports.1,25 This demonstrates that a large percentage of individuals in the 
general population have experienced child maltreatment, but likely have not received appropriate 
care to cope with such trauma. Public health interventions can address this gap. 
 Identifying cases of child maltreatment in real time is a delicat  and difficult process. 
Because this process is imperfect in identifying all individuals who have experinc d child 
maltreatment—and because the prevalence of maltreatment and its associated risks for negative 
health outcomes are high—public health interventions should consider the unique needs of 
individuals who have experienced child maltreatment when addressing health outcomes later in 
the life course. To illustrate, in Felitti’s research among individuals at an obesity clinic, 25% and 
29% of obese patients reported childhood sexual abuse and physical/emotional abuse.55 Given 
these high percentages, weight-related public health interventions should incorporate the 
determinants of weight outcomes that are specific to individuals who have experienced child 
maltreatment. The present research aimed to identify such determinants. 
 Need to address weight-related outcomes. Individuals who experience child maltreatment 
are at risk for a host of poor health outcomes, including conduct disorders, post-traumatic stress 
disorder, aggressive behaviors, poor academic performance, decreased cognitive func oning, 
and depression.36-39 Given the severity of these health outcomes, why focus on weight? The 
answer is not an either-or approach, but a both-and approach. Studies suggest the prevalence of 
overweight and obesity are significantly higher among individuals who have experienced child 
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maltreatment compared to the general population.1,2  Given their increased risk for mental health 
disorders and poor health behaviors, individuals who experience child maltreatment are already 
at risk for developing chronic health conditions such as diabetes and heart disease—which are 
also associated with obesity.6-8 An unhealthy weight among individuals who have experienced 
child maltreatment may compound their existing risk for poor health outcomes. 
 Overall significance. This dissertation’s contribution is two-fold: 1) to succinctly and 
meaningfully characterize BMI trajectories; and 2) to determine what social support factors 
buffer the relationship between overall child maltreatment experience and adolescent-to-
adulthood BMI trajectories, and what disengaging stress responses mediate this relationship. 
Paper 1, presented in the next chapter, addressed the first contribution by developing and testing 
a novel BMI trajectory measure: cumulative deviance from a healthy BMI. Paper 2 and 3 
addressed the second contribution through a series of moderation and mediation models, and I 
conceptualized child maltreatment from a person-centered perspective in these pap rs. Using 
classes of overall child maltreatment experience, I evaluated relationships based on individuals’ 
lived experiences rather than based on a priori assignment to a particular maltreat ent type. 
These contributions are significant because, unfortunately, many children experience multiple 
types of maltreatment, and maltreatment is a strong predictor of later weight outcomes. Estimates 
suggest the population attribution of child maltreatment on obesity is 8-17%.95  Moreover, 
elevated levels and increases in BMI over time are risk factors for depression, asthma, sleep 
disorders, and lower self-esteem; child maltreatment already places individuals at risk for these 
outcomes.6-8,96-98  
 As such, child maltreatment is a major public health issue, and the burdens of child 
maltreatment can be exacerbated through an unhealthy BMI trajectory. In turn, identifying 
16 
 
factors that lie on or alter the path from maltreatment to weight outcomes may inform 
interventions that not only reduce the prevalence of obesity, but also improve the quality of life 
for a vulnerable population.24 This study’s potential impact is suggesting possible innovative 
obesity prevention targets, beyond diet and physical activity, which can improve well-being for 
those who have experienced child maltreatment. These intervention targets may generalize to 
other circumstances of obesity, such as obesity among individuals who have experienced other 







CHAPTER 2: PAPER 1: A PARSIMONIOUS MEASURE OF BODY MASS 
INDEX TRAJECTORIES1 
 
 Evaluations of body mass index (BMI) over time provide insights into the development 
of obesity and comorbidities above cross-sectional anthropometrics. Beyond weight at a single 
point, rapidly growing BMI trajectories 69,75,76 and more time spent overweight 99,100 increase risk 
for disease. Current methods for measuring BMI longitudinally pose challenges when we want to 
consider the entire trajectory as an outcome, as trajectories are jointly defined by multiple 
parameters. A single, longitudinal BMI measure would overcome this challenge.  
 BMI trajectories are commonly assessed via latent growth modeling (LGM). This defines 
trajectories by multiple parameters: starting BMI (intercept), growth (linear slope), and curvature 
(quadratic slope). Yet, parameters are separate pieces of information, and analyses using BMI 
trajectories as an outcome are complicated by having multiple dependent variables instead of 
one. Healthy BMI trajectories are those that: 1) moderately increase over adol scence (small, 
positive, linear slope); and 2) taper in adulthood (small, negative, quadratic slope).11 However, a 
single factor might associate with trajectory parameters in different directions, making it unclear 
if the factor provides overall risk or protection. For example, Fuemmeler and colleagues found 
disengaged parenting was associated with a lower linear BMI slope across adolescence but a 
higher quadratic slope (less “leveling off’) compared with authoritative parenting.101 This invites 
                                                          
1 This chapter previously appeared as an article in the International Journal of Obesity. The original citation is as 
follows: Sokol, R. L., Gottfredson, N. C., Poti, J. M , Halpern, C. T., Shanahan, M. E., Fisher, E. B., & Ennett, S. T. 




the question: what parenting promotes healthier trajectories? We cannot obtain a comprehensive 
picture when considering trajectory pieces individually, fueling the need to cap ure trajectories in 
a single value. The present study developed and assessed the validity of such a measure: average 
excess BMI. 
 Average excess BMI is an average deviance above a healthy BMI over a specified period. 
This is an innovative way of operationalizing trajectories that joins multiple parameters from 
LGM into one. Average excess BMI is a methodological advancement for evaluating BMI 
longitudinally, as it: 1) is more parsimonious than considering trajectory parameter estimates 
independently; and 2) captures the continuous, developmental nature of BMI. 
 Other methods for operationalizing longitudinal BMI exist, including “obese-years” or 
“cumulative exposure to excess adiposity,” but with limitations.99,100 Unlike LGM, these 
variables assume BMI at a measurement occasion carries forward to the next occasion rather 
than recognizing changes occur between measurements. This ignores the developmental nature 
of BMI and becomes problematic as timing between measurements widens.  
 Another alternative for operationalizing trajectories is growth mixture modeling. This 
assumes different distributions of parameters govern growth in subgroups, producing finite latent 
classes with characteristics such as “normal,” “becoming obese,” and “persistently obese.”102 
However, with mixture modeling, the researcher cannot discern whether true population 
heterogeneity is being modeled, and classification is not robust to minor sampling changes. 
Experts caution this technique can result in obfuscating significant or identifying spurious 
relationships.103   
 Based on the soundness of a measure that joins multiple LGM parameters into one—and 
its advancements over previous longitudinal BMI measures—we used data from the National 
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Longitudinal Study of Adolescent to Adult Health (Add Health) to evaluate average xcess 
BMI’s utility. To validate the measure as an outcome, we must demonstrate it behaves as we 
expect when predicting later chronic conditions; i.e., average excess BMI from adolescence to 
young adulthood should be positively associated with disease in adulthood, similarly to the 
trajectory intercept, linear, and quadratic slope. Thus, this study contained two aims: 1.1) Create 
a single measure for BMI trajectories that captures average excess BMI over time; and 1.2) 
Evaluate the validity and utility of this measure relative to traditional LGM metrics.  
Methods 
 Data source. This study used data from Add Health (P01-HD31921), a longitudinal study 
of a nationally representative sample of 20,745 adolescents in grades 7-12 during 1994-95.104 We 
used data from Waves I (ages 13-21), II (13-21), III (18-28), and IV (24-31). Informed consent 
was obtained in the original study. The University of North Carolina Institutional Review Board 
granted exemption from human subjects’ research approval for the present study. 
 Sample. For analyses, we restricted the sample to respondents aged 13-31 with valid 
Wave I sampling weights and BMI measured at Wave II, III, or IV. We dropped data for time 
points when the respondent is pregnant and for respondents who were underweight the entire 
study, as being underweight poses health risks not examined. This resulted in 17,669 
respondents—over 80% power to detect a small standardized effect (d = 0.02) at a signific nt 
level (two-sided p = 0.05; see Appendix 1). 
 Measures. 
 Body mass index. Study staff measured height and weight in Waves II-IV, and we 
calculated BMI as kilogram (kg)/meter (m)2. The focal predictors in Aim 1.2 included: 1) 
average excess BMI; and 2) BMI trajectory parameter estimates (i.e., intercept, linear/quadratic 
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slope). We calculated these variables for each respondent based on individual BMI growth 
parameter estimates (in Analytic Approach).  
 Health outcomes. Health outcomes were based on the joint classification of biomarkers, 
self-report physician diagnosis, and medication use at Wave IV. Study staff took three measures 
of blood pressure at 30-second intervals, and the mean of the second and third classified blood 
pressure. We classified participants as having hypertension if they met the 2017 American Heart 
Association Task Force hypertension guidelines105—systolic blood pressure ≥130 mm HG or 
diastolic pressure ≥ 80 mm HG—or if they reported a diagnosis of hypertension. Staff obtained 
whole blood spots via finger prick, analyzed for glucose and HbA1c. We classified participants 
as having diabetes if their HbA1c ≥ 6.5%, or fasting glucose ≥126 mg/dL, or non-fasting glucose 
≥200 mg/dL, or they reported anti-diabetic medication use in the past month or history of 
diabetes (except during pregnancy). We classified participants as having yperlipidemia if they 
reported a history of hyperlipidemia or antihyperlipidemic medication in the past month. 
 Covariates. Based on a literature review, Aim 1.2 covariates included sex (male or 
female), age at Wave IV (in years), race/ethnicity (non-Hispanic Black, non-Hispanic White, 
Hispanic, other), household structure (two biological parents, two parents with at least one non-
biological, single parent, other), parent education (< high school, high school, some colleg , 
college graduate), parent employment (employed or unemployed), child birth we g t (in ounces), 
if a child was exclusively breastfed for 6+ months, if the respondent was US-born, pubertal 
status of respondent at Wave I (scale, 1-5), and if a biological parent was obese.106-110 
 Analytic approach. 
 Aim 1.1: Create average excess BMI. The first step in calculating average excess BMI 
was to model BMI over time (by age) and obtain subject-specific trajectory parameter estimates 
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using LGM. With Mplus v.7.31® statistical software, we estimated a linear, quadratic, and 
piecewise LGM stratified by sex, and we compare Bayesian Information Criteria (BIC) between 
models to determine best-fit. We estimated models with full information maximum likelihood to 
accommodate planned outcome missingness imposed by study design and unplanned 
missingness due to item non-response.111 Analyses adjusted estimates to account for clustering 
and included sampling weights.  
Figure 1. Excess body mass index for four respondents. 
a. b. 
c. d. 
Note: Dashed lines indicate sex and age specific healthy bod  mass index ranges for males as established by the 
Centers for Disease Control and Prevention, where the top lines indicate the overweight threshold (sex/age-specific 
85th percentile for individuals below 20 years and  BMI of 25 kg/m2 for 20+ years) and the bottom lines indicate 
the underweight threshold (sex/age-specific 5th percentile for individuals below 20 years and a BMI of 18 kg/m2 for 
20+ years). Solid lines indicate respondents’ model-implied body mass index trajectories. Diagonal lines represent 
each respondent’s excess BMI including no (a), low (b), moderate (c), and high (d), excess BMI. 
 We used the best-fitting LGM to generate empirical Bayes (EB) estimates for each 
respondent. EB estimates are subject-specific estimates of trajectory parameters.112 We used EB 
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estimates to generate each respondent’s model-implied trajectory, which allowed us to calculate 
average excess BMI from adolescence to adulthood. Using MATLAB®, we integrated to find 
the area above the upper-limit of a healthy BMI trajectory11 and below each respondent’s model-
implied trajectory from 13 to 31 years. Because overweight is associated with various diseases, 
113-115 we used the CDC overweight thresholds for the upper-limit of a healthy BMI (i.e., sex/age-
specific 85th percentile for individuals below 20 years and a BMI of 25 kg/m2 for 20+ years). We 
refer to the integrated area as excess BMI, and it depends on the magnitude of deviance from a 
healthy BMI and time spent at an unhealthy BMI. Due to the latter dependence, excess BMI is a 
function of the length of follow-up. To provide estimates comparable across studies of different 
durations, we divided excess BMI by total study time (18 years) to generate a measure that 
equates to the average excess BMI from adolescence to adulthood. Figure 1 illustrates 
respondents’ model-implied BMI trajectories and excess BMI, representing a no, low, moderate, 
and high, average excess BMI. 
 Aim 1.2: Validity and utility of average excess BMI. Aim 1.2 assessed the relationship 
between BMI trajectories and health outcomes to validate average excessBMI. We conducted 50 
imputations to impute values for all health outcomes and covariates using multiple imputation 
with chained equations.116 We used Stata 14.2® MI and SVY command suite to create and 
analyze imputed survey data.  
 In our first logistic regressions, we evaluated the relationship between av rage excess 
BMI from adolescence to adulthood and three chronic conditions in adulthood (hypertension, 
hyperlipidemia, and diabetes), controlling for covariates listed above.  
ln  	
 	
  =  + _ !!_"#$ + ∑ & '()'*!&
+
&,-   (Model Set 1) 
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 To evaluate the predictive validity of average excess BMI relative to traditional BMI 
trajectory parameter estimates, we conducted a second set of regressions predicting chronic 
conditions from EB estimates of trajectory parameters (i.e., intercept, linear, and quadratic 
slope), controlling for covariates. 
ln  	
 	
  = . + ∑ ./)0 )'1_23)!/
4
/, + ∑ .& '()'*!&-&,5   (Model Set 2) 
 To aid model comparisons, we standardized all focal predictors to a scale with a mean of 
zero and standard deviation of one. To assess model fit, we obtained estimates of correlations 
between observed and predicted health outcomes. 
 To evaluate the utility of using average excess BMI as an outcome, we compared 
associations between models using BMI trajectory parameter estimates as outcomes. We found 
evidence for the utility of a consolidated trajectory measure if the same covariate associated with 
trajectory parameter estimates in contradicting directions. 
)0 )'1 23) =  6 + ∑ 6& '()'*!&-&,   (Model Set 3) 
 Code availability. Annotated code is available for generating average excess BMI. This 
includes Mplus® code for estimating a LGM and obtaining EB estimates and MatLab® code to 
calculate average excess BMI (doi: 10.1038/s41366-018-0194-y). 
Results 
 The final sample was 17,669. Of the original 20,744, 117 were not the desired age, 1,826 
did not have sampling weights, 1,133 had no BMI measurements, 27 were underweight at all 






Table 1. Descriptive statistics for respondents in the Paper 1 analytic sample. 
Variable Mean (s.e.) or %  
Average excess BMI  2.8 (0.077) 
Body mass index  (kg/m2)  
    Wave II 23.2 (0.105) 
    Wave III 26.5 (0.113) 
    Wave IV 28.9 (0.130) 
Biological sex  
    Male 51%  
    Female 49%  
Parental obesity  
    Obese 24%  
    Not obese 76%  
Parent education   
    < High school 12%  
    High school 28%  
    Some college 30% 
    ≥ College 30%  
Parent employment  
    Employed 70%  
    Unemployed 30%  
Race   
    White 66%  
    Black 16%  
    Hispanic 12% 
    Other 6.7%  
Breastfed as infant, exclusive for 6 months  
    Breastfed 20%  
    Not breastfed 80% 
Birthweight, in ounces  118.8 (0.331) 
Family structure  
    Two biological parent 55%  
    Two parents, at least one non-biological  17%  
    Single parent 24%  
    Other 4.6%  
US born  
    US born 94%  
    Not US born 6.1%  
Pubertal status  3.2 (0.016) 
N 17,669 
Note: Estimates based on analytic sample of 17,669 respondents across 50 multiply imputed datasets. All estimates 
account for survey clustering and weighting.  
 
 Aim 1.1: Average excess BMI. The quadratic LGM yielded superior fit (male BIC = 
113,085; female BIC = 126,999) compared to the piecewise (male BIC = 113,248; female BIC = 
127,095) and linear LGM (male BIC = 113,414 female BIC = 127,279). Therefore, we used the 
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quadratic LGM to obtain individual model-implied BMI trajectories. The mean average excess 
BMI was 2.79 kg/m2 (s.d. = 4.23) (Figure 2).  
Figure 2. Histogram of average excess BMI. 
 
 Aim 1.2: Validity and utility of average excess BMI. Average excess BMI from 
adolescence to adulthood was associated with increased odds of hypertension, hyperlipidemia, 
and diabetes in adulthood, and the odds associated with average excess BMI are higher than t  
odds associated with traditional BMI trajectory parameter estimates (Table 2). For every one unit 
standard deviation increase in average excess BMI, the odds of hypertension increased by a 
factor of 1.56 (95% CI: 1.47, 1.67), the odds of hyperlipidemia increased by a factor of 1.36 
(95% CI: 1.26, 1.47), and the odds of diabetes increased by a factor of 1.57 (95% CI: 1.47, 1.67).  
 According to Model Set 2, the model whose focal predictors were BMI trajectory 
intercept, linear, and quadratic slope estimates had an insignificantly higher correlation between 
observed and predicted hypertension compared to the model whose predictor was average exc ss 
BMI (r = 0.36, p < 0.01 compared to r = 0.34, p < 0.01). Correlations between observed and 



















Table 2. Odds ratios and corresponding 95% confidence intervals for associations between 
adolescent to adult body mass index trajectory variables and adult chronic conditions. 
 
 Focal predictor Model 1 Model 2 
Hypertension 
















Correlation between observed and predicted 0.34 
(p < 0.01) 
0.36 
(p < 0.01) 
Hyperlipidemia 

















Correlation between observed and predicted 0.11 
(p < 0.01) 
0.11 
(p < 0.01) 
Diabetes 















 Correlation between observed and predicted 0.22 
(p < 0.01) 
0.22 
(p < 0.01) 
 
Note: Estimates based on analytic sample of 17,669 respondents from 50 multiply imputed datasets. All focal 
predictors are standardized. Models control for biological sex, racial identity, parent obesity status, parent 
employment, birthweight, family structure, whether breastfed for 6 months, parent education, age at Wave IV, 
pubertal status at Wave I, and whether the respondents was born in the U.S. All estimates account for survey 
clustering and weighting. 
 
 Per Model Set 3, being male associated with the trajectory parameter estimat  n 
contradicting directions, whereby being male was associated with a lower BMI intercept (B = -
0.14; p = 0.12), a higher linear slope (B = 0.022; p < 0.01), and greater leveling off into 
adulthood (B = -0.001; p < 0.01). Similar contradicting patterns existed among those with two 
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biological parents and having a parent with a high school education—these later estimates did 
not achieve statistical significance. 
Discussion 
 The present study supports the utility of average excess BMI. The higher an individual’s 
average excess BMI from adolescence to adulthood, the greater the odds of obesity-related 
conditions in adulthood. Because this measure performs similarly well to the combination of 
BMI intercept, linear, and quadratic slope when predicting poor health, it is a valid longitudinal 
BMI outcome whose parsimony can simplify complex analyses. 
 Because average excess BMI condenses trajectories into a single value, it is useful for 
questions that hold overall BMI trajectories as the outcome. By joining three traj ctory 
parameters into one measure, we can more easily explore what explains or buffers relationships 
between risk factors and longitudinal BMI, rather than assessing what mediators or moderators 
exist for each BMI trajectory parameter. This parsimonious analysis facilitates identifying 
intervention targets for improving longitudinal BMI, especially when potential targets associate 
with trajectory parameters in conflicting directions as in the present analyses.  
 Beyond intervention research, this measure could be translated to medical practice by 
providing patients with an interpretable BMI trajectory measure. While a person’s linear BMI 
slope is unintuitive, their average excess BMI is how overweight they have been over a period of 
time. The reference period could be changed to the last year, ten years, and lifetime, and these 
numbers could be another tool for physicians to discuss weight with patients in a way that 
captures both the degree and duration of overweight. 
 An additional advantage of average excess BMI compared to individual LGM paramete s 
is its applicability across developmental stages. High values of linear slope are less of a health 
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risk when such growth is considered healthy—e.g., early childhood—compared to periods when 
BMI is expected to remain constant—e.g., adulthood.11 However, average excess BMI is 
meaningful across the life course, as it captures deviations above a sex- and age-specific healthy 
range, and thus inherently accounts for appropriate increases in BMI. Because averag  excess 
BMI represents an individual’s expected excess BMI at any moment in time, this measure 
accommodates different time durations and is comparable across studies of different lengths. 
Moreover, this approach may be useful for measuring other outcomes over time, such as 
cumulative stressors or psychological symptoms. 
 Although the focus of this paper was to validate average excess BMI as an outcome, 
traditional LGM trajectory parameters are more useful as predictors. Because the intercept, 
linear, and quadratic slope together explain more variance in an outcome than average excess 
BMI alone, there is reason to include all trajectory parameters in predictiv  models. Another 
limitation of average excess BMI is the potential for non-equivalent trajectori s t  produce 
equivalent values of average excess BMI. For example, an individual who had excess weight in 
childhood with a healthy range in adulthood could have the same average excess BMI as one 
who was in a healthy range in childhood with excess weight in adulthood. Future studies co ld 
differentially weight periods to investigate if excess BMI is more problematic during specific life 
stages.  However, the present data did not include early childhood, and future work should 
consider broader age ranges to better investigate how this measure operates in different periods.  
 This study supports the utility and validity of average excess BMI. Future studie  should 
test this measure against other consolidated BMI trajectory measures, and research investigating 
mediators or moderators of the relationship between exposures and longitudinal BMI should 








CHAPTER 3: PAPER 2: CHILDHOOD MALTREATMENT AND                       
AVERAGE EXCESS BMI 
 
 By the age of 18 years, over 13% of children in the United States experience a confirmed 
case of physical abuse, sexual abuse, or neglect perpetrated by a caregiver.24 Such child 
maltreatment places individuals at risk for various poor health outcomes, including depression, 
asthma, sleep disorders, and lower self-esteem. As such, child maltreatment is a major public 
health issue, and the burdens of child maltreatment can be exacerbated through an unhealthy 
BMI trajectory.6-8,96-98 Prior studies have suggested maltreatment is a strong predictor of later 
weight outcomes, such that maltreatment experiences in childhood increase the lik lihood of 
being overweight or obese in adulthood.95,117,118 However, these estimates of the relationship 
between maltreatment and weight outcomes may be biased for three major reasons: 1) 
inadequate selection of control variables; 2) improper operationalization of child maltreatment 
experiences; and 3) restricting analyses to cross-sectional health outcomes. 
 A competing hypothesis for the observed relationship between maltreatment exp riences 
and longitudinal weight outcomes is the potential for maltreatment experiences to s rve as an 
indicator—rather than a predictor—of future weight gain. It may be that maltreatment is 
associated with a variety of other factors that increase obesity risk, rather than maltreatment 
directly or indirectly causing future weight gain. Child maltreatment may represent a 
constellation of risk factors for future weight gain (e.g., social class, parenting practices) as 
opposed to causing future weight gain. Specifically, previous findings may be biased y 
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observed and unobserved confounding factors, such as a parent’s latent propensity to neglect a
child’s needs. Although this latent propensity is an unobserved parenting characteristic, h ough 
careful selection of observed covariates, we can control for indicators of this variable—such as 
infant birthweight—and reduce bias in our estimates.119 However, previous studies’ covariate 
selections may be too narrow (e.g., only include demographic controls;27,118,120,121 or too broad 
(e.g., include several variables that actually mediate the relationship between maltreatment and 
weight.122-124 In either case, analyses may result in biased estimates.  
 Second, maltreatment is characterized by multiple features: type, frequency, and 
developmental timing. Operationalizing maltreatment as a dichotomous variable simp ifies a 
complex phenomenon and does not reflect actual experiences. Because this simplification does 
not represent reality, important nuances for intervention implications may be lost. Third, 
measurement and assessment of weight outcomes are often cross-sectional and do not account 
for the trajectory of BMI. Because longitudinal BMI is predictive of later h alth outcomes above 
and beyond cross-sectional measures,69,75,76,99,100 there is a need to evaluate the relationship 
between child maltreatment and BMI over time. Considering BMI only at a single time point 
does not capture the cumulative burden of excess BMI across development.  
 This study addressed these three potential biases and evaluates if the present analyses 
support an associative relationship between child maltreatment experiences and weight over time 
(Dissertation Aim 2). Specifically, this study used longitudinal, nationally representative data to 
determine if overall child maltreatment experiences—characterized by type, frequency, and 
timing—are associated with BMI over time. We provided careful examination of this 
relationship through our selection of potential confounders. Better understanding the rela ionship 
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between maltreatment experiences and longitudinal weight outcomes can help inform when, and 
to whom, potential obesity prevention interventions should be delivered. 
Methods 
 Data source. This study used data from the National Longitudinal Study of Adolescent to 
Adult Health,(Add Health; P01-HD31921) a longitudinal study of a nationally represntative 
sample of 20,745 adolescents in grades 7-12 in the U.S. during 1994-95.104 We used data from 
Wave I (ages 13-21), Wave II (ages 13-21), Wave III (ages 18-28), and Wave IV (ages 24-31). 
The University of North Carolina Institutional Review Board granted exemption from human 
subjects’ research approval for present analyses. 
 For all analyses, we restricted the sample to respondents aged 13-31 years with valid 
Wave I sampling weights and BMI measured at Wave II, III, or IV. We dropped data for time 
point(s) when the respondent was pregnant and for respondents who were underweight for the 
entire age range. This resulted in a final sample of 17,669. 
 Measures. 
 Average excess BMI. Average excess BMI from adolescence to young adulthood, 
developed and validated in Paper 1,125 served as the focal outcome. This measure represents a 
person’s average deviance above a healthy BMI over a specified period. For example, as the 
upper limit of a healthy BMI range for adults is 25 kg/m2 (according to the Centers for Disease 
Control and Prevention), a person with a BMI of 28 kg/m2 at age 25 years would have an excess 
BMI of 3 kg/m2. With longitudinal data containing multiple BMI measurements, we model a 
person’s latent BMI trajectory and average their model-implied excess BMI over time to arrive at 
a numerical value for their average excess BMI. This measure simultaneously captures the 
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longitudinal and continuous nature of weight outcomes, but it does not capture the timing of 
onset of an excess BMI. 
 Child maltreatment. We operationalized child maltreatment experiences in a manner that 
does not require the mutual exclusion of maltreatment types, in line with previous research 
supporting the high co-occurrence of child maltreatment types.28,29 A previous study using Add 
Health data employed a Latent Class Analysis (LCA) that uncovered patterns of childhood 
maltreatment experiences, and we use these classes as the focal predictor in the p esent study.31 
This operationalization of child maltreatment embodies overall patterns of maltreatment that 
simultaneously capture maltreatment timing, frequency, type(s), and type co-occurrence, to 
create a more accurate representation of an individual’s lived experience. 
 Methods for obtaining classes of child maltreatment via LCA are described in d tail in 
Sokol et al., 2018.31 Briefly, study authors used indicators of child maltreatment assessed 
retrospectively at Waves III and IV to inform maltreatment experience classes. Questions at both 
waves asked respondents about the frequency of maltreatment types (physical abuse, sexual 
abuse, and neglect) perpetrated by the primary caregiver, with responses ranging from never to 
ten or more times. To account for maltreatment timing, we only considered maltreatment 
indicators prior to age 12 years to inform maltreatment class assignment. We added a separate 
indicator variable for adolescent-onset maltreatment (i.e., post 12 years) in ll analyses. The 
recovered child maltreatment experience classes included: 1) a poly-maltreatment class with high 
frequency of sexual abuse and co-occurring physical abuse and neglect (n = 1,025); 2) a physical 
abuse class with high frequency of physical abuse (n = 3,799); 3) a physical abuse and neglect 
class with high frequency of neglect and co-occurring physical abuse (n = 901); and 4) a no 
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childhood maltreatment class (n = 11,944). We represented these classes by a series of indicator 
variables in analyses, with the no childhood maltreatment class serving as the reference group.  
 Covariates. To address the potential that maltreatment experiences serve as an 
indicator—rather than a predictor—of future weight gain, we used previous weight-rlated 
research on youth who experience maltreatment, accompanied by our development of a Directed 
Acyclic Graph (DAG), to inform covariate selection (Appendix 2). DAGs are conceptual tools 
used to represent causal relationships between variables relevant to a particular research 
question, with relationships specified based on existing evidence.119,126,127 In this manner, DAGs 
aid researchers in determining what variables to include as covariates to reduce confounding 
bias. Based on our DAG, this study controlled for factors known to influence adolescent BMI or 
its growth into adulthood, but it did not include variables on the causal path between 
maltreatment and BMI, such as diet or physical activity.108 Covariates included biological sex 
(male or female), race/ethnicity (non-Hispanic Black, non-Hispanic White, Hispanic, other), 
parent education (less than high school, high school, some college, college graduate), parent 
employment (employed or unemployed), child birth weight (in ounces, mean-centered), child 
pubertal status (scale, 1-5, mean-centered), if a child was exclusively breastfed for 6+ months, if 
a child was born in the United States, and if a biological mother or father was obese.107-109  
 Analytic approach. We estimated linear regression models in a hierarchical manner to 
examine the association between child maltreatment experiences and average excess BMI. We 
first estimated an unadjusted model, looking at the relationship between maltreatment experience 
and average excess BMI. We then estimated a fully adjusted model, accounting for all covariates 
previously listed. We estimated models using Mplus version 7.4.© To account for missing data, 
we conducted 20 imputations with chained equations to impute values for all covariates, and we 
34 
 
conducted analyses over these imputed datasets.116 Due to Add Health’s complex survey design, 
analyses adjusted variance estimates to account for clustering and include sampling weights.128  
Results 
 The final sample size was 17,669. Of the original 20,744 Add Health respondents, 117 
did not fall into the desired age range at any collection waves, 1,826 did not have information on 
sampling weights, 1,133 had no recorded BMI measurements at any wave, 27 were underw ight 
at all time points, and 2 had no information on biological sex.  
Table 3. Descriptive statistics for respondents in the Paper 2 analytic sample, stratified by 
latent class analysis maltreatment class. 
 
Variable Total, 
̅ or % 
No maltreat-
ment, ̅ or % 
Physical 
abuse, ̅ or % 
Physical + 
neglect, ̅ or % 
Poly-maltreat-
ment, ̅ or % 
Average excess BMI 2.80 (4.19) 2.73 (0.08) 2.90 (0.14) 2.97 (0.22) 3.11 (0.18)* 
Male 51%  50% 52% 62%*** 41%*** 
Parental obesity 24%  23% 24% 25% 27% 
Birthweight 1.58 (19.9) 1.65 (0.35) 1.71 (0.60) 1.32 (0.94) 0.41 (1.12) 
Breastfed 20%  20% 22% 14%** 16%* 
US born 94%  94% 92%** 93% 93% 
Parent employment 70% 70% 69% 69% 67% 
Pubertal status 0.05 (1.12) 0.05 (0.02) 0.07 (0.03) -0.07 (0.06)** 0.06 (0.06) 
Race/ethnicity      
White 66% 68% 64%* 53%*** 57%*** 
Hispanic 12% 11% 13% 16% 13% 
Black 16% 16% 14% 21%* 20%* 
Other 6.7% 5.6% 8.8%*** 9.3%** 9.6%* 
Parent education      
< High school 12%  12% 12% 17% 17%** 
High school 28% 28% 27% 31% 31% 
Some college 30% 29% 31%* 33% 31% 
College graduate 30% 32% 30% 19%*** 22%*** 
n 17,669 11,944 3,799 901 1,025 
Note: Descriptive statistics are averaged over 20 imputed datasets and account for survey weighting and clustering. 
Birthweight and pubertal status are both mean-center d. Asterisks indicate significant differences from the “no 
maltreatment” class. * p < .05. ** p < .01. *** p < .001. 
 The average excess BMI of respondents was 2.80 kg/m2. Notably, average excess BMI 
was higher in the poly-maltreatment class (3.11 kg/m2) compared to the no maltreatment class 
(2.73 kg/m2). Other covariates were not evenly distributed across classes (Table 3).  
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 Specifically, the poly-maltreatment class had a lower percentage of male respondents 
(41%), a lower percentage of respondents who were breastfed for six months (16%), a lower 
percentage of white respondents (57%), and a lower percentage of parents with a college degree 
(22%), compared to individuals in the no maltreatment class. The un-stratified sample was 
evenly divided on biological sex (male = 51%), and was primarily white (66%), born in the 
United States (94%), normal birthweight (118.8 ounces), not breastfed exclusively for six 
months (80%), and reported a pubertal status equal to peers (3.2). Among the primary caregivers 
of respondents, at least one parent was likely to be college educated (30%) and employed (70%), 
and neither parent was likely to be obese (76%).  
Table 4. Regression analysis results for the relationship between child maltreatment class 
and average excess BMI, controlling for various confounders. 
 




Physical abuse class 0.16 (0.13)  0.15 (0.12) 
Physical abuse + neglect class 0.22 (0.25)  0.09 (0.23) 
Poly-maltreatment class   0.46 (0.20)*  0.17 (0.20) 
Adolescent onset maltreatment     0.36 (0.11)**    0.28 (0.11)* 
Male --   -0.25 (0.11)* 
Parental obesity --        2.25 (0.15)*** 
Birthweight  --      0.01 (0.00)** 
Breastfed --   -0.24 (0.10)* 
US born --        0.74 (0.20)*** 
Parent employment -- -0.09 (0.10) 
Pubertal status --        0.60 (0.04)*** 
Race/ethnicity   
White (ref.) -- -- 
Hispanic --       0.70 (0.16)*** 
Black --       1.10 (0.12)*** 
Other -- 0.26 (0.29) 
Parent education   
College graduate (ref.) -- -- 
Some college  --       0.47 (0.12)*** 
High school --       0.93 (0.15)*** 
< High school --       1.01 (0.16)*** 
R2 0.002 0.107 
Note: Estimates are averaged over 20 imputed datasets and account for survey weighting and clustering. Asteri ks 




 In the unadjusted model, both the poly-maltreatment class (B = 0.46, s.e. = 0.20) and 
individuals who experienced maltreatment onset during adolescence (B = 0.36, s.e. = 0.11) had 
significantly higher average excess BMI compared to individuals in the no maltreatment class 
(Table 4). After adjusting for relevant confounders, the relationship between the poly-
maltreatment class and average excess BMI abated to non-significant levels (B = 0.17, s.e. = 
0.20), whereas the relationship between maltreatment onset during adolescence and aver ge 
excess BMI sustained (B = 0.28, s.e. = 0.11). 
Discussion 
 The present study lends nuance to the association between child maltreatment and 
longitudinal weight outcomes by using a DAG-informed approach to inform covariate selection, 
considering the multiple features of maltreatment (type, timing, and frequency), a d evaluating 
longitudinal weight outcomes as opposed to cross-sectional. Contrary to previous 
findings,3,117,118,121-124 our analyses suggest that the association between maltreatment 
experiences and longitudinal weight outcomes dissipates after controlling f r relevant 
confounders.  
 This unexpected finding could be due to the motivation for this study: addressing analytic 
shortcomings and biases from previous analyses. Previous estimates may be biased due to: 1) 
inadequate selection of control variables; 2) improper operationalization of child maltreatment 
experiences; and 3) restricting analyses to cross-sectional health outcomes. Addressing any one 
of these issues may have resulted in a different pattern of results, and addressing these three 
issues at once provides greater confidence in results. However, whereas we did not detect a 
direct relationship between maltreatment experiences in childhood and longitudinal weight 
outcomes, the mechanisms driving weight outcomes might differ between individuals who have 
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experienced maltreatment and the general population. For example, previous work has found that 
depressive symptoms mediate the relationship between physical abuse and BMI trajectories 
among girls.129 Although equivalent longitudinal weight outcomes may be observed between 
individuals who have experienced child maltreatment and those who have not, intervention 
targets may differ between the groups—for example, targeting depressive symptoms among 
individuals who have experience maltreatment versus targeting diet among the general
population. Future analyses should investigate the potential for such differences. 
 Whereas our adjusted model did not find a relationship between maltreatment 
experiences in childhood and average excess BMI, we did find a significant relationship between 
adolescent-onset maltreatment and average excess BMI from adolescence to young adulthood. 
Because average excess BMI does not capture the timing of onset of an excess BMI, however, 
we could not ascertain whether the maltreatment did or did not precede the rise in BMI. Yet it is 
plausible that the relationship between child maltreatment and weight outcomes is driven by the 
timing of maltreatment. Timing of first child maltreatment experience may influence health 
outcomes through various mechanisms, and these mechanisms likely depend on the health 
outcome of interest. For example, research has demonstrated early maltreat ent is more 
deleterious than later maltreatment for psychopathology outcomes,18 p rhaps because early 
maltreatment compromises a child’s ability to master developmental milestones.130 However, 
later exposures, such as those occurring during adolescence, might be more harmful for other 
health outcomes. The present analyses suggest later onset of maltreatment may be carry 
consequences for longitudinal weight outcomes, whereas child onset maltreatment may not be as 




 The present study carries limitations. Because maltreatment data were retrospectively 
reported by respondents, the data are subject to recall bias. Moreover, in selecting control 
variables, our DAG model may be subject to our own researcher biases. Additionally, although 
the present analyses accounted for maltreatment type and frequency in childhood, we did not 
account for these same features within adolescent-onset maltreatment. Future analyses should 
explore the relationship between adolescent-onset maltreatment experiences and longitudinal 
weight outcomes by considering both the type and frequency of maltreatment.  
 Although we did not find a relationship between various child maltreatment experiences 
and average excess BMI from adolescence to adulthood, we did find a significant, positive 
relationship between adolescent-onset maltreatment and average excess BMI. Future research 
should consider mechanisms underlying the relationships between adolescent-onset maltreatment 
and longitudinal weight outcomes in an effort to inform policy and intervention to improve 



















CHAPTER 4: PAPER 3: SOCIAL SUPPORT AND STRESS IN THE        
RELATIONSHIP BETWEEN CHILD MALTREATMENT AND                         
AVERAGE EXCESS BMI 
 
 Between 13% and 23% of children have experienced physical abuse, sexual abuse, and/or 
neglect committed by a caregiver by the time they reach age 18 years.24,25 Studies suggest the 
prevalence of obesity is significantly higher among these individuals compared to the general 
population.1,2 Individuals who experience child maltreatment are already at risk for developing 
chronic health conditions such as diabetes and heart disease—which are also associated with 
obesity.6-8 Likewise, an unhealthy weight among individuals who experienced child 
maltreatment may compound their existing risks for poor health. As such, child maltreatment is a 
major public health issue, and the burdens of maltreatment can be exacerbated through an 
unhealthy body mass index (BMI) trajectory.6-8,96-98 Although the linkage between maltreatment 
and BMI has been demonstrated in several studies, we have yet to (1) identify the factors 
allowing some individuals to attain healthy BMI trajectories despite experiencing child 
maltreatment (moderators), and (2) determine the mechanisms driving the rela ionship between 
maltreatment and unhealthy BMI trajectories (mediators). The overall objective of this study was 
to identify intervenable factors that drive this moderation and mediation to provide guidance for 
improving BMI trajectories for those who have experienced child maltreatment. Id ifying 
moderators and mediators on the path from maltreatment to longitudinal weight outcomes may 
inform interventions that not only reduce obesity prevalence, but also improve the quality of life 
for a vulnerable population.  
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Transactional Model of Stress and Coping 
 Theory provides a rationale for investigating the role of social support, depression, and 
impulsivity in the relationship between the stressor of child maltreatment and later weight 
outcomes. Guided by the Transactional Model of Stress and Coping (TMSC), we evaluated if 
social supports (peer friendship quality and non-parental adult mentors) moderate, and if 
disengaging stress responses (depressive symptoms and impulsivity) mediate, the relationship 
between child maltreatment experiences and a longitudinal BMI measure—average excess BMI.  
 According to Lazarus and Folkman’s TMSC, psychological stress is a relationship 
between a person and the environment that the person “[…] appraises as significant for his or her 
well-being and in which the demands tax or exceed available coping resource.”133 Child 
maltreatment is a significant stressor18,19,26 that can have lasting effects on health via two 
processes that mediate the person-environment relationship: cognitive appraisal followed by 
coping.133,134 During cognitive appraisal, a person evaluates whether/how a potential stressor 
harms well-being (primary appraisal) and what can be done to prevent/overcome these harms 
(secondary appraisal).133 The stressor of child maltreatment is, by definition, any act of 
commission or omission by a parent or other caregiver that results in harm, potential for harm, or 
threat of harm to a child.135 Given this definition, children who experience maltreatment will 
likely consciously or unconsciously judge such events as harmful to well-being durprimary 
appraisal. Because perpetrators are caregivers, the children may be subject to parent-child 
hierarchies and thus judge maltreatment events as unchangeable during secondary appraisal.136 A 
child’s experience of continuing acts of abuse and/or neglect further supports a secondary 
appraisal that the stressor is unchangeable.  
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 Coping entails a person's efforts to manage stress after cognitive apprais l, and coping 
options are various and sometimes juxtaposing. For example, coping strategies may include 
changing the situation, withdrawing from it, accepting it, ignoring it, acting impulsively, or 
developing a plan. According to TMSC, coping serves two major functions: dealing with the 
problem (problem-focused coping) and regulating emotion (emotion-focused coping).137,138  
Examples of problem-focused coping include (rational or irrational) efforts to alter the situation 
or problem solve, and examples of emotion-focused coping include distancing, seeking social 
support, escape-avoidance, and accepting responsibility.133 In addition to the distinction between 
emotion-focused and problem-focused coping, coping can also be maladaptive or adaptive. 
While adaptive coping promotes positive health outcomes, maladaptive coping encourages poor 
health outcomes. Several studies have applied the TMSC to adolescent samples and have found 
use of emotion-focused coping and maladaptive strategies in these populations, such as the 
disengaging stress response of depression, during this period.139-141 Under the circumstances of 
child maltreatment, specifically, threats to physical health and self-et em are associated with 
escape-avoidance coping—presently referred to as disengaging stress respon es—and seeking 
social support.142 Specifically, social support can modify the path from stressor to health and 
influence how people adapt.143  
Social Support, Depression, and Impulsivity in Child Maltreatment 
 The pathway from child maltreatment to unhealthy BMI trajectories through maladaptive 
coping efforts is not predetermined. Instead, this relationship is subject to influence by various 
intrapersonal, interpersonal, and environmental characteristics. Specifically, social support in the 
context of coping with child maltreatment may break the link between maltreatment and poor 
health outcomes.144 For individuals who have experienced child maltreatment, this social support 
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may come in the form of peer relationships or mentorship from a non-parental adult—as the 
relationship with a parent would likely offer no (or potentially harmful) social support for 
individuals in these unique circumstances.145  
 But what is the mechanism by which maltreatment increases the risk for poor weight 
outcomes? Stress appraisals can give rise to various coping efforts such as depression and/or 
impulsivity.143,146 Empirical research demonstrates that individuals exposed to child 
maltreatment have greater difficulty managing affective states and have more depressive 
symptoms and impulsivity compared to peers.15,19,147 In a meta-analysis of eight cohort studies 
from the United States, New Zealand, and Australia, a history of child maltreatment was 
associated with an increased odds of major depressive disorder in adulthood [odds ratio (OR): 
2.03; 1.37-3.01].148 The authors further estimated that 59% of depression and anxiety cases 
worldwide are attributable to childhood maltreatment.148 Research has also linked these 
disengaging stress responses to poor weight outcomes in adolescence, as both depression and 
impulsivity are associated with eating-and weight-related disturbances.149-151 Using Add Health 
data, Sacks and colleagues found that depression mediated the relationship between physical 
abuse in childhood and BMI trajectories in girls.129 These findings align with TMSC, which 
suggests maladaptive coping efforts result in decreased functional health, including poor weight 
outcomes.152 TMSC also posits that health outcomes associated with stress responses may 
emerge over time: the association between BMI and maltreatment might anifest in the 
trajectory of BMI throughout adolescence, rather than at the beginning of adolescence.143  
 Guided by the TMSC theoretical framework, the present study aimed to (Figure 3): 
3.1. Determine whether social supports moderate the relationship between child 
maltreatment and average excess BMI from adolescence to early adulthood; and 
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3.2. Evaluate whether disengaging stress responses mediate the relationship between child 
maltreatment and average excess BMI from adolescence to young adulthood. 
Figure 3. Conceptual models for Paper 3 aims. 
 
Methods 
 Data source. This study used data from Add Health (P01-HD31921), a longitudinal study 
of a nationally representative sample of 20,745 adolescents in grades 7-12 in the U.S. during 
1994-95.104 We used data from Wave I (ages 13-21), Wave II (ages 13-21), Wave III (ages 18-
28), and Wave IV (ages 24-31). The University of North Carolina Institutional Review Board 
granted exemption from human subjects’ research approval. 
 For all analyses, we restricted the sample to respondents aged 13-31 years with valid 
Wave I sampling weights and BMI measured at Wave II, III, or IV. We dropped data for time 
point(s) when the respondent is pregnant and for respondents who were underweight for the 
entire age range. This resulted in a final sample of 17,669, which provides adequate power to test 
proposed hypotheses (Appendix 1). 
Measures. 
 Average Excess BMI. Average excess BMI from adolescence to young adulthood, 
developed and validated in Paper 1,125 served as the focal outcome. This measure represents a 
person’s average deviance above a healthy BMI, healthy ccording to the Centers for Disease 
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Control and Prevention, over a specified period. For example, as the upper limit of a healthy 
BMI range for adults is 25 kg/m2, a person with a BMI of 28 kg/m2 at age 25 years would have 
an excess BMI of 3 kg/m2. With longitudinal data containing multiple BMI measurements, we 
model a person’s latent BMI trajectory and average their model-implied excess BMI over time to 
arrive at a numerical value for their average excess BMI. This measure simultaneously captures 
the longitudinal and continuous nature of weight outcomes. 
 Child maltreatment. We operationalized child maltreatment experiences in a manner that 
does not require the mutual exclusion of maltreatment types, in line with previous research 
supporting the high co-occurrence of child maltreatment types.28,29 A previous study using Add 
Health data employed a LCA that uncovered patterns of childhood maltreatment exp riences, 
and we use these classes as the focal predictor in the present study.31 This operationalization of 
child maltreatment embodies overall patterns of maltreatment that simultaneously capture 
maltreatment timing, frequency, type(s), and type co-occurrence, to create a more accurate 
representation of an individual’s lived experience. 
 Methods for obtaining classes of child maltreatment via LCA are described in d tail in 
Sokol et al., 2018.31 Briefly, study authors used indicators of child maltreatment assessed 
retrospectively at Waves III and IV to inform maltreatment experience classes. Questions at both 
waves asked respondents about the frequency of maltreatment types (physical abuse, sexual 
abuse, and neglect) perpetrated by a primary caregiver, with responses ranging from ever to ten 
or more times. To account for maltreatment timing, we only considered maltreatment indicators 
prior to age 12 years to inform maltreatment class assignment, and we added an indicator for 
adolescent-onset maltreatment (i.e., post 12 years) in all analyses The recovered child 
maltreatment experience classes included: 1) a poly-maltreatment class with high frequency of 
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sexual abuse and co-occurring physical abuse and neglect (n = 1,025); 2) a physic l abuse class 
with high frequency of physical abuse (n = 3,799); 3) a physical abuse and neglect class with 
high frequency of neglect and co-occurring physical abuse (n = 901); and 4) a no childhood 
maltreatment class (n = 11,944).We represented these classes by a series of indicator variables in 
analyses, with the no childhood maltreatment class serving as the reference group.  
 Social support moderators. Following previous studies on the general and child 
maltreatment samples of Add Health,145,153 the presence of a mentor was captured by asking 
respondents if a non-parental adult made an “important positive difference in your life.” 153 Peer 
relationship quality was a latent variable resulting from several items: Wave I questionnaires 
asked respondents if they had met a friend after school to hang out, spent time over the weekend, 
discussed a problem, or talked on the phone. Following previous analyses, we created a latent 
variable of peer friendship quality reflecting respondents’ answers for their best friend.154 
 Disengaging stress responses mediators. Depressive symptoms was a latent variable 
comprised of 5 items from the Center for Epidemiologic Studies Depression Scale assessed at 
Wave I, as previous analyses have found these five items have stronger reliability and 
measurement invariance across racial/ethnic groups compared to the full 19 items.155-157 These 
items included: 1) You felt your life what not worth living; 2) It was hard to get star ed doing 
things; 3) You felt like you could not shake off the blues; 4) You felt happy (reverse coded); and 
5) You felt depressed. Impulsivity was a latent variable informed by five items from Wave I: 1) 
When making decisions, you usually go with your gut feeling; 2) When you have a problem t 
solve, one of the first things you do is get as many facts about the problem (reverse coded); 3) 
When you are attempting to find a solution to a problem, you usually try to think of as many 
different ways to approach the problem as possible (reverse coded); 4) When making decis ons, 
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you generally use a systematic method for judging and comparing alternativ s (reverse coded); 
5) After carrying out a solution to a problem, you usually try to analyze what ent right and 
what went wrong (reverse coded). 
 Covariates. We used previous weight-related research on youth who experience 
maltreatment,3 accompanied by our development of a Directed Acyclic Graph from Paper 2, to 
inform covariate selection. The study controlled for factors known to influence adol scent BMI 
or its growth into adulthood, but it did not include variables on the causal path between 
maltreatment and BMI.108 Covariates included biological sex (male or female), race/ethnicity 
(non-Hispanic Black, non-Hispanic White, Hispanic, other),107 parent education (less than high 
school, high school, some college, college graduate), parent employment (employed or 
unemployed), child birth weight (in ounces, mean-centered),108 child pubertal status relative to 
peers (scale, 1-5, mean-centered), if a child was exclusively breastfed for 6+ months,109 if a child 
was born in the United States, and if a biological mother or father was obese.108 
 Analytic approach. To evaluate the present aims, we estimated a moderation structural 
equation model (SEM) to evaluate the roles of peer friendship and non-parental adult mentors 
(Aim 3.1), and a mediation SEM to evaluate the roles of impulsivity and depression in the 
relationship between child maltreatment experience and average excess BMI (Aim 3.2; see 
Appendix 3 for path diagrams). SEMs are particularly useful for evaluating relationships 
involving latent variables, a quality of several of the key mediating and moderating v riables.158 
We used Stata 13© for data management, and we estimated Confirmatory Factor An lysis (CFA) 
models and SEMs using Mplus version 7.4.© To account for missing data, we conducted 20 
imputations with chained equations to impute values for all covariates, and we conducted 
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analyses over these imputed datasets 116 Due to Add Health’s complex survey design, analyses 
adjusted variance estimates to account for clustering and include sampling weights.128  
 We first conducted CFAs to develop measurement models for the latent mediating and 
moderating variables (depressive symptoms, impulsivity, and peer relationship quality) using 
their indicators. From CFAs, we evaluated model fit (RMSEA <.05, TLI/CFI > .95).159,160 With 
well-specified measurement models, we advanced to SEM models  
 Aim 3.1: Moderation by social support. We hypothesized that the presence of a non-
parental adult mentor would attenuate the relationship between child maltreatment characterized 
by (a) physical abuse, (b) physical abuse and neglect, or (c) poly-maltreatment (relative to 
individuals who experienced no child maltreatment) and average excess BMI from adolescence 
to adulthood. We additionally hypothesized that this relationship would be weaker for 
individuals with higher peer relationship quality. We estimated a SEM model using a restricted 
maximum likelihood (MLR) estimator with all focal predictors, moderators, interactions between 
predictors and moderators, and covariates entered simultaneously. The presence of moderation 
was supported if the bootstrapped 95% confidence interval for an interaction parameter estimate 
did not contain zero.  
 Aim 3.2: Mediation by disengaging stress responses. We hypothesized that adolescents 
who experienced child maltreatment characterized by (a) physical abuse, ( ) physical abuse and 
neglect, or (c) poly-maltreatment would exhibit greater depressive symptoms and impulsivity 
compared to those who did not experience maltreatment, which in turn would be associated with 
higher average excess BMI from adolescence to early adulthood. We estimat d a SEM model 
using an MLR estimator with all focal predictors, mediators, and covariates en red 
simultaneously, estimating both direct and indirect effects. We followed Hayes’ process for 
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evaluating multiple mediation models with parallel mediators, which involves determining the 
indirect effects and evaluating their significance.158 To make statistical inferences about indirect 
effects, we bootstrapped 95% confidence intervals for all mediation analyses. 
Results 
 The final analytic sample size was 17,669. Of the original 20,744 Add Health 
respondents, 117 did not fall into the desired age range at any collection waves, 1,826 did not 
have sampling weights, 1,133 had no recorded BMI measurements at any wave, 27 were 
underweight at all time points, and 2 had no information on biological sex.  
Table 5. Descriptive statistics for respondents in the Paper 3 analytic sample. 
Variable Total, Mean (SD) or % 
Average excess BMI 2.80 (4.19) 
No maltreatment class 68% 
Physical abuse class 22% 
Physical abuse + neglect class 5.1% 
Poly-maltreatment class 5.8% 
Adolescent onset maltreatment 26% 
Male 51%  
Parental obesity 24%  
Birthweight  1.58 (19.9) 
Breastfed 20%  
US born 94%  
Parent employment 70% 
Pubertal status 0.05 (1.12) 
Race/ethnicity  




Parent education  
< High school 12%  
High school 28% 
Some college 30% 
College graduate 30% 
N 17,669 
Note: Descriptive statistics are averaged over 20 imputed datasets and account for survey weighting and clustering. 
Birthweight and pubertal status are both mean-center d.  
 The overall sample was evenly divided on biological sex (male = 51%), and was 
primarily non-Hispanic white (66%), born in the United States (94%), normal birthweig t (118.8 
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ounces), not breastfed exclusively for six months (80%), and reported a pubertal status equal to 
peers (3.24). The average excess BMI of respondents was 2.80 kg/m2. Among the primary 
caregivers of respondents, most respondents had at least one parent who was college educat d 
(30%) and employed (70%), and neither parent was likely to be obese (76%). 
 Confirmatory factor analysis. Model fit was very good for all measurement models 
(Table 6), including that for peer friendship quality (χ2[2] = 1.71, p = 0.43; CFI = 1.00; TLI = 
1.00; RMSEA = 0.000 [95% CI: 0.000, 0.014]), depressive symptoms (χ2[5] = 63.2, p < 0.001; 
CFI = 0.996; TLI = 0.992; RMSEA = 0.026 [95% CI: 0.020, 0.031]), and impulsivity (χ2[5] = 
160.0, p < 0.001; CFI = 0.99; TLI = 0.98; RMSEA = 0.042 [95% CI: 0.036, 0.048]).   
Table 6. Factor loadings from measurement models for peer friendship quality, depressive 
symptoms, and impulsivity. 
 
Factor Loadings λ (s.e.) R2 95% CI 
Peer friendship    
House 1.00 (--) 0.80 -- 
After school 0.89 (0.02) 0.60 0.844, 0.924*** 
Weekend 0.92 (0.02) 0.67 0.895, 0.974*** 
Phone 0.53 (0.02) 0.21 0.481, 0.569*** 
Depressive symptoms    
Blue 1.00 (--) 0.69 -- 
Happy 0.38 (0.01) 0.10 0.361, 0.406*** 
Motivated 0.53 (0.01) 0.19 0.501, 0.552*** 
Reason to live 0.84 (0.02) 0.48 0.802, 0.869*** 
Feel depressed 1.08 (0.01) 0.80 1.053, 1.107*** 
Impulsivity    
Decision 1.00 (--) 0.02 -- 
Facts 5.80 (0.65) 0.55 4.521, 7.085*** 
Approach 6.19 (0.67) 0.62 4.865, 7.508*** 
System 5.45 (0.62) 0.48 4.237, 6.658*** 
Analyze 5.08 (0.57) 0.42 3.968, 6.196*** 
Note: Model fit was very good for all measurement models. Peer friendship: χ2(2) = 1.71, p = 0.43; CFI = 1.00; TLI 
= 1.00; RMSEA = 0.000 (95% CI: 0.000, 0.014). Depressive symptoms: χ2(5) = 63.2, p < 0.001; CFI = 0.996; TLI = 
0.992; RMSEA = 0.026 (95% CI: 0.020, 0.031).  Impulsivity: χ2(5) = 160.0, p < 0.001; CFI = 0.99; TLI = 0.98; 
RMSEA = 0.042 (95% CI: 0.036, 0.048).  * p < .05. ** p < .01. *** p < .001. 
 Aim 3.1: Moderation by social support. Adolescent-onset maltreatment was significantly 
and positively associated with average excess BMI (B = 0.279, s.e. = 0.11, p = 0.01). The 
moderation model did not find evidence of significant moderation of the maltreatment 
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experience to average excess BMI relationship by social support (Table 7). The model did find a 
relationship between peer friendship and average excess BMI, such that higher friendship quality 
protects against higher average excess BMI (B = -0.082, s.e. = 0.02, p < 0.001).  
Table 7. Parameter estimates from social support moderation model predicting average 
excess BMI. 
Variable  B (s.e.) Bootstrapped 95% CI 
Focal variables   
Physical abuse  0.066 (0.22) -0.035, 0.048 
Physical abuse + neglect  0.059 (0.42) -0.039, 0.046 
Poly-maltreatment -0.202 (0.35) -0.049, 0.026 
Peer friendship -0.082 (0.02) -0.088, -0.032*** 
Mentor  0.163 (0.12) -0.007, 0.040 
Conditional relationships   
Physical abuse*peer friendship -0.010 (0.05) -0.030, 0.024 
Physical abuse/neglect*peer friendship  0.029 (0.10) -0.026, 0.036 
Poly-maltreatment*peer friendship  0.131 (0.10) -0.012. 0.057 
Physical abuse*mentor  0.097 (0.25) -0.036, 0.053 
Physical abuse/neglect*mentor  0.036 (0.47) -0.040, 0.043 
Poly-maltreatment*mentor  0.526 (0.42) -0.014, 0.064 
Covariates   
Adolescent onset maltreatment  0.279 (0.11)  0.061, 0.497* 
Male -0.235 (0.10) -0.439, -0.031* 
Parental obesity  2.239 (0.15)  1.950, 2.529*** 
Birthweight  0.006 (0.00)  0.002, 0.101** 
Breastfed -0.243 (0.10) -0.432, -0.054* 
US born  0.756 (0.20)  0.366, 1.146*** 
Parental employment -0.075 (0.10) -0.270, 0.120 
Pubertal status  0.600 (0.04)  0.526, 0.673*** 
Hispanic (ref. white)  0.675 (0.16)  0.370, 0.981*** 
Black (ref. white)  1.092 (0.12)  0.866, 1.319*** 
Other (ref. white)  0.240 (0.29) -0.323, 0.803 
Less than high school (ref. college graduate)  1.025 (0.16)  0.710, 1.340*** 
High school (ref. college graduate)  0.942 (0.15)  0.642, 1.242*** 
Some college (ref. college graduate)  0.480 (0.12)  0.251, 0.710*** 
Note: * p < .05. ** p < .01. *** p < .001. 
 Aim 3.2: Mediation by disengaging stress responses. The mediation model did not find 
evidence of significant mediation of the child maltreatment experience to average xcess BMI 
relationship through stress responses (Table 8). However, the model demonstrated evidence of a 
direct relationship between maltreatment experiences and depressive symptoms, such that 
individuals who belonged to the physical abuse (B = 0.510, s.e. = 0.09, p < 0.001), physical 
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abuse/neglect (B = 0.853, s.e. = 0.16, p < 0.001), and poly-maltreatment (B = 1.018, s.e. = 0.15, 
p < 0.001) classes experienced higher depressive symptoms compared to those in the no child 
maltreatment class. As in the moderation model, we did not observe any significant relationships 
between child maltreatment class and average excess BMI, but adolescent-onset maltreatment 
was positively associated with average excess BMI (B = 0.290, s.e. = 0.11, p = 0.01). 
Table 8. Parameter estimates from stress response mediation model predicting average 
excess BMI. 
Relationship B (s.e.) Bootstrapped 
95% CI 
Direct associations   
Physical abuse → Depression  0.510 (0.09)  0.337, 0.683*** 
Physical abuse → Impulsivity  0.006 (0.01) -0.010, 0.022 
Physical abuse → Average excess BMI  0.169 (0.13) -0.075, 0.413 
Physical abuse/neglect → Depression  0.853 (0.16)  0.536, 1.170*** 
Physical abuse/neglect → Impulsivity  0.011 (0.02) -0.017, 0.040 
Physical abuse/neglect → Average excess BMI  0.117 (0.23) -0.340, 0.501 
Poly-maltreatment → Depression  1.018 (0.15)  0.719, 1.318*** 
Poly-maltreatment → Impulsivity  0.012 (0.01) -0.015, 0.034 
Poly-maltreatment → Average excess BMI  0.203 (0.20) -0.182, 0.526 
Depression → Average excess BMI -0.032 (0.02) -0.069, 0.006 
Impulsivity → Average excess BMI -0.064 (0.19) -0.434, 0.306 
Indirect Associations (α*β)   
Physical abuse → Depression → Average excess BMI -0.016 (0.01) -0.036, 0.003 
Physical abuse → Impulsivity → Average excess BMI  0.000 (0.01) -0.003, 0.002 
Physical abuse/neglect → Depression → Average excess BMI -0.027 (0.02) -0.060, 0.001 
Physical abuse/neglect → Impulsivity → Average excess BMI -0.001 (0.00) -0.005, 0.003 
Poly-maltreatment → Depression → Average excess BMI -0.032 (0.02) -0.073, 0.009 
Poly-maltreatment → Impulsivity → Average excess BMI -0.001 (0.00) -0.006, 0.004 
Covariates   
Adolescent onset maltreatment  0.290 (0.11)  0.073, 0.507** 
Male -0.271 (0.11) -0.478, -0.064* 
Parental obesity  2.250 (0.15)  1.960, 2.541 *** 
Birthweight  0.006 (0.00)  0.002, 0.010** 
Breastfed -0.242 (0.10) -0.432, -0.051* 
US born  0.735 (0.20)  0.350, 1.121*** 
Parental employment -0.088 (0.10) -0.284, 0.107 
Pubertal status  0.601 (0.04)  0.526, 0.675*** 
Hispanic (ref. white)  0.693 (0.16)  0.384, 1.002*** 
Black (ref. white)  1.108 (0.12)  0.876, 1.340*** 
Other (ref. white)  0.264 (0.29) -0.296, 0.824 
Less than high school (ref. college graduate)  1.026 (0.16)  0.708, 1.343*** 
High school (ref. college graduate)  0.476 (0.16)  0.637, 1.244 *** 
Some college (ref. college graduate)  0.476 (0.12)  0.246, 0.706*** 




 The present analyses did not find significant moderation by social support or mediation 
by disengaging stress responses of the relationship between child maltreatment experiences and 
average excess BMI. Instead, results suggest the importance of developmental ti ing in 
investigating these relationships.  
 The present study’s lack of evidence for mediation and moderation runs counter to our 
TSMC theoretically-driven hypotheses and previous empirical work.129,146 This difference could 
in part be due to the measurement timing of maltreatment, depressive symptoms, impulsivity, 
and social supports. For example, Sacks and colleagues found that the tr jectory of depressive 
symptoms moderated the relationships between physical abuse and BMI trajectories among 
girls.129 In the present analyses, we operationalized depressive symptoms, impulsivity, and social 
supports at Wave I in an effort to establish proper temporal ordering of the predicto s (which 
captured events prior to Wave I), mediators and moderators (which captured events 
contemporaneous with Wave I), and the outcome (which occurred from Wave I to IV). Because 
depressive symptoms, impulsivity, and social support may have effects on body weight 
throughout adolescence and early adulthood, future studies may benefit from evaluating the 
dynamic nature of these constructs as they related to body weight over time.  
 Moreover, our study suggests the developmental timing of maltreatment may be an 
important factor in these mediation and moderation models. The present analyses found that 
adolescent-onset maltreatment was significantly associated with average xcess BMI compared 
to individuals who never experienced maltreatment, and this effect persisted in both the 
moderation and mediation models. Future analyses should explore how models can include 
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developmental timing of maltreatment, and how such timing may interact with socal upports—
or work through disengaging stress responses—to predict longitudinal weight outcomes. 
 Despite our lack of evidence for the moderating role of social support, we did find that 
peer friendship quality protected against higher average excess BMI from ad lescence to young 
adulthood for all individuals. This finding suggests that developing such ties could be beneficial 
to all adolescents in an effort to prevent poor weight outcomes later in life. Adolescenc  is a 
period of increased stress,161 and peer friendship could buffer against the relationship between 
stress and poor weight outcomes for all individuals. Peer friendship can provide assistance and 
resources, and these resources can be emotional, instrumental, appraisal, or informational.162 The 
moderation of the stress-health relationship by social support could occur at variouspoints. For 
example, social support could bolster beliefs about one’s ability to cope with situations, 
moderating the relationship between the stressor and appraisal.144 Social support could also 
influence health behaviors and outcomes through the direct influence of social networks (e.g., 
being surrounded by a network who regularly exercises can increase a person’s physical 
activity).163  
 The present results did not confirm the expected relationship between child maltreatment 
classes and longitudinal BMI found in prior studies.31 As described above, this may be due to the 
developmental timing of variables. Additionally, operationalization of the outcome (i.e., average 
excess BMI) and predictors (i.e., child maltreatment latent classes) in the present study varies 
from previous work. As such, child maltreatment may be associated with higher linear growth in 
BMI across adolescent development, but because the trajectory levels off, maltreat ent may 
pose no greater risk for increased average excess BMI over this developmental period. 
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 As noted, a limitation of the present study involves the timing of variables. Our analyses 
assessed child maltreatment prior to Wave I, mediators and moderators at Wave I, and average 
excess BMI from Wave I-IV to establish proper temporal ordering of variables. While it is 
important that analyses establish temporality, given the suggested importance f dolescent-
onset maltreatment, future research should explore the developmental timing of maltreat ent in 
these mediation and moderation analyses. Although we designed the present analysesto follow 
proper temporal ordering of variables, we cannot guarantee this; given the heritability of 
psychopathology (including depressive symptoms and impulsivity), disengaging stress responses 
could have appeared before maltreatment experiences. Our primary aims were not concerned 
with the fundamental sources of depressive symptoms and impulsivity, however, but rather heir 
role in the path from maltreatment to weight outcomes—regardless of the psychopathol gy 
source. Moreover, although a DAG informed our analyses to mitigate potential confoundig, it is 
possible that an external variable could both increase the likelihood of having close friends and 
decrease risk for average excess BMI. This study also contains a number of str ngths, including 
the large and nationally representative school-based sample, a strong theoretical framework, a 
longitudinal weight outcome, person-centered operationalization of child maltreatment 
experience, and evidence-based control of covariates. 
 While we found no evidence of moderation by social support or mediation by 
disengaging stress responses of the relationship between child maltreatment experiences and 
average excess BMI from adolescence to young adulthood, peer friendship appears to rotec  
against higher average excess BMI from adolescence to young adulthood for all ad lescents. 
Future public health interventions should consider how to leverage this phenomenon in obesity 






CHAPTER 5: PUBLIC HEALTH IMPACT 
 The studies within this dissertation not only build upon each other, but they provide a 
foundation for future analyses and intervention development. Paper 1 developed and validated a 
parsimonious measure of complex BMI trajectories: average excess BMI. This new measure was 
not only found to be valid, but its succinct nature simplifies otherwise complex analyses. Rather 
than evaluating what increases risk for an elevated BMI trajectory intercept, linear slope, and 
quadratic slope, researchers can evaluate what increases risk for—and what mediates and 
moderates—an elevation in this single BMI trajectory outcome. Papers 2 and 3 took advantage 
of this application.  
 Contrary to expectations, Paper 2 found that child maltreatment experiences that started 
before the age of 12 did not increase risk for an elevated average excess BMI from adolescence 
to adulthood, after controlling for relevant confounders. Child maltreatment experi nc s that 
began in adolescence, however, did increase risk for an elevated average excess BMI. Moving to 
moderation and mediation of the child maltreatment to average excess BMI relationship, Paper 3 
found no evidence that social support moderated, or that stress responses mediated, the 
relationship between child maltreatment experiences and average excess BMI. Social support in 
the form of peer friendships, however, was protective against high levels of average excess BMI 
for all individuals. A parsimonious measure of longitudinal BMI allowed for exploring these 
relationships.   
 The public health impact of this dissertation lies in two distinct but complementary 
spheres: measurement and informing child maltreatment intervention. The measurement work in 
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Paper 1 aims to facilitate public health research of longitudinal weight outcomes, and the 
analyses in Papers 2 and 3 intend to inform public health interventions for children who have 
experienced early life trauma. However, less obvious is the potential intervention influe ce of 
Paper 1 and measurement impact of Papers 2 and 3. 
Measurement Impact 
 Public health researchers are often interested in complex phenomena that current 
measures do not adequately represent. This was the motivation for Paper 1. I needed to capture 
longitudinal BMI in a single measure before I could evaluate what factors mderate or mediate 
the relationship between child maltreatment experiences and an individual’s overall BMI 
trajectory—rather than an individual’s trajectory intercept, linear slope, and quadratic slope. As a 
valid and useful measure, average excess BMI can be used in various research applications that 
hold longitudinal BMI as the outcome of interest. This measure will help us better understa  
what risks can hinder and what modifiable factors can improve an individual’s BMI trajectory 
over their life course.  
 Beyond BMI, the method developed in Paper 1 can be transferred to other longitudinal 
health outcomes that contain reference “healthy ranges.” The method is flexible, and it can 
accommodate continuous outcomes that cover any time range during any developmental stage. 
This may include blood pressure over several years, depressive symptoms over a mnth, cortisol 
levels over a week, or heart rate over a day. If interest lies in what is the impact of, what is the 
cause of, what explains, or what can exacerbate or alleviate an individual’s “surplus” of an 
undesirable health outcome over time, the method for developing average excess BMI could be 
transferred to the research question. 
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 The less obvious measurement impact of this dissertation is the one implied by Papers 2 
and 3: the importance of accounting for timing of child maltreatment when operati nalizing child 
maltreatment experiences. Although analyses found no direct, mediated, or moderated 
relationship between child maltreatment experiences in childhood and average excess BMI, this 
dissertation found repeated evidence of a relationship between adolescent-onset child 
maltreatment experiences and average excess BMI. Future work could develop a alid and useful 
measurement scheme for capturing all relevant elements of child maltreatment experiences, 
including maltreatment type, frequency, chronicity, and timing.  
Intervention Impact 
 The intended impact of this dissertation was to suggest possible innovative obesity 
prevention targets, beyond diet and physical activity, that can improve longitudinal weight 
outcomes for those who have experienced child maltreatment. Identifying such factors that lie on 
or alter the path from maltreatment to weight outcomes could inform public health interve tions 
that not only reduce the prevalence of obesity, but also improve the quality of life f r a 
vulnerable population. While results showed no mediated or moderated relationships between 
child maltreatment experiences and average excess BMI, peer friendship quality was 
significantly and negatively associated with average excess BMI for all individuals. This result 
suggests that peer social support may be a promising population-level lever for improving 
overall BMI trajectories from adolescence to early adulthood. Future work should further 
investigate if this relationship is causal, or merely an association. 
 Lastly, the newly created measure—average excess BMI—may have potential 
intervention impact via incorporation into clinical settings. Presently, physician  discuss body 
weight with children based on percentiles, and with adults based on categorical cut-offs. 
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However, presenting patients with an easily interpretable value of their long tudi al BMI would 
present a more comprehensive picture of their overall health. For patients, this value could serve 
as a talking point to discussing lifecourse health with their provider. For physicians, this value 
could provide a better indication of health risk compared to a cross-sectional BMI measure.  
Strengths and Limitations 
 As an observational study, the research within this dissertation is subject to confoundi g 
bias. Additionally, because respondents provided information on maltreatment experiences 
retrospectively, the data are also subject to recall bias. One explanation for the lack of evidence 
for a direct relationship between maltreatment experiences and average excess BMI, mediation 
by stress responses, and moderation by social support, may be the measurement timing of the 
predictor, mediating, and moderating variables. Future work should consider how to incorporate 
maltreatment timing in the latent class formation of child maltreatment experiences, as the 
present work suggests the importance of such timing. Moreover, rather than measuring stress 
responses and social support at one time point, future analyses may glean more insight into the 
relationship between depressive symptoms, impulsivity, peer friendships, adult mentors, and 
longitudinal weight outcomes, by considering the dynamic nature of these variables over time.  
 This dissertation also contains numerous strengths. The development of an innovative 
measure of longitudinal BMI not only facilitated the present analyses, but this mea ure can be 
valuable in both future research and practice applications. An additional measurement strength of 
this dissertation includes its application of novel child maltreatment classes that represents 
individuals’ overall maltreatment experiences. Operationalizing child maltreatment in this 
manner adds to the body of literature that explores how child maltreatment classes defined by 
maltreatment type and frequency relate to later health outcomes, in comparison to esearch that 
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focuses on how single maltreatment types relate to health. Moreover, the longitudinal, 
observational, nature of the Add Health data set allowed for exploring how the relationship 
between child maltreatment experiences and longitudinal weight outcomes plays out over time in 
a nationally representative sample. The nationally representative, school-based nature of the data, 
combined with the retrospective self-report of child maltreatment, enabled this dissertation to 
examine potential public health intervention targets for off-setting the negativ  repercussions of 
child maltreatment among all individuals who have experienced child maltreatment—not only 
those with substantiated cases. 
Conclusion 
 Overall, I expect this dissertation to inform future public health research and intervention 
development. Although the focus of the present work entails longitudinal weight outcomes and 
individuals who have experience child maltreatment, the measures developed and knowledge 
gained translates to other health outcomes and populations. 
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APPENDIX 1. POWER 
 
Section A. Power Calculations for Paper 1 
All power calculations for Paper 1 were conducted using NQuery 4.0 ®. 
Aim 1.1 Predictive Validity 
 Diabetes Hypertension Hyperlipidemia 
α level 0.05 0.05 0.05 
Standardized effect size 0.20 0.20 0.20 
Condition present, n 350 8254 994 
Condition absent, n 11932 4028 11288 
Power (%) 96 99 99 
 
Notes: Power analysis for Aim 1.1 is based on the continuous measure of BMI. Difference in means 
determined by a small standardized effect size (d=0.2). 
 
Section B. Power Calculations for Paper 2 and 3 
Power calculations for Paper 2 and 3 conducted in SAS 9.4 © using the following code: 
title "power estimate for SEM"; 
data one; 
alpha=.05; *significance level; 
rmsea0=.05; *null hyp value; 
rmseaa=.08; *alt hyp value;     
d=275; *degrees of freedom;     
n=12282; *sample size;  
ncp0=(n-1)*d*rmsea0**2; 
ncpa=(n-1)*d*rmseaa**2;  









proc print data=one;  
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